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1.0 SUMMARY

This document is the final report on the tasks performed under
contract (NAS2-9026 Modification 3) to the National Aeronautics and Space
Administration - Ames Research Center (NASA-ARC). In eccordance with tue
contract, a tube/fin concept liquid cooling garment (LCG) head cooler was
developed, fabricated end delivered to NASA-ARC. The head cooler was fgb-
ricated from polyurethane film which sandwiches the transport fluid tubing
and a thermally conductive fin material. The head cooler garment is sewn
to form a skull cap and covered with a comfort liner. In addition, two
Neonate heating garments were fabricated and supplied to NASA for further
finishing and use in medical tests.

The resuiting garment is flexible, elastic and conforms to the
head comfortably. Tests on a tube/fin element of identical comstruction
a8 the head cooler demonstrated good thermal effectiveness. Use of com-
mercially available materials and development of relatively simple febri-
cation techniques give the potential for a low garment cost.



2.0 INTRODUCTION

Program tasks under Modification 3 to the Advanced Liquid
Cocling Garment (LCG) contract involve five specific areas outlined
as follows: .
1. Advanced Materials Summary
2. Tube/Fin Layup Thermal Analysis
3. Head Cooler Fabrication
4. Thermal Comparison Testing
5. Production Cost Analysis of Tube/Fin Garments
In the materials survey, a combination of layup components
was ic¢ mtified for use in the fabrication task. Refinements to the
previous work on layup thermal analysis were maede. Three LCG concepts
(Flexitherm, Shuttle, and Tube/Fin) were evaluated by a thermal compari-
son test. To determine tube/fir garment costs, an analysis was perfor—ed
to identify the febrication steps and associated labor requirements in
hours. These were combined with material costs to arrive at a garment
cost.
Appendices are included which provide detail deta on the feb-
rication development, production cost analyses, and the thermal compari-
son test.



3.0 TASK RESULTS

3.1 Advanced Materials Survey

Previous work investigated a number of materials suitable for
tube/fin LCG fabrication. Under the present task, attention was narrowed
to the most promising materiels which are listed in Table 1. B. F.
Goodrich makes both the TF322 and TF4l0 with the difference being TF322
is a polyester-based polyurethane and TF4l0 is a polyether-based poly-
urethane. The TF410 is more elastic than the TF322 for the seme film
thickness. TFLU10 film in the 1-1/2 mil thickness was selected for the
head cooler although it is not always in stock due to light demand for
this thickness. Special runs of a particular film thickness are always
possible if the schedule demands, but are more expensive due to special
set-up charges. Latex sheeting with Viton L-31 adhesive dipersion was
attempted in a layup but the bond between layup components was extremely
poor. Other adhesives were not pursued due to scope restrictions; how-
ever, if Latex were tc be evaluated in the futwre it is recommended that
additional adhesives be evaluated.

Both Nordbak adhesive resin systems were acceptable from a
bonding strength standpoint but the 50-93 resin system was selected for
its superior elasticity in the cured state. The 50-93 resin system is
black when mixed and gives the layup the grayish color.

The metal mesh is l1isted for reference and no promising elas-
tic thermel conductor candidates were idertified in addition to those
in prior work. It was supplied by Exmet Corporation.

3.2 Tube/Fin Layup Thermal Analysis

Fin effectiveness models for the garmert layup with two lgyers
of expanded metal mesh are shown in Figure 1. One method assumes the
open metal mesh is an equivalent s0lid metal film of reduced thickness.
A second method analyzes the fin with independent metal strends of in-
creased length due tc open mesh zig-zag characteristic and is the more
accurate of the two. Both methods neglect metal conduction parallel to
the tuwing (i.e., one dimensional fin conduction). Polyurethane film
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conductance is also neglected since the film conductivity is 0.05%
of that of the metal conductivity. All heat transfer is assumed to
be from the contact interface with the warm surface.

Figure 2 shows the results of calculations using the two
different fin effectiveness models discussed above. This graph also
shows the effect of one and two layers of expanded silver mesh on fin
effectiveness and presents the performance of the polyurethane f£ilm/
glue composite, alone, for reference. All the garments made have two
layers of silver mesh in the layup.

The polyurethane tubing represents a significant resistance
to the layup heat transfer and Figure 3 is included showing two sizes
of tubing and the effect of tube wall thickness on delta temperature.
The test data range of heat transfer for the tube/fin test article is
overlasyed on the graph and shows predicted tube wall AT's in the 10°F
- 20°F range. Since the heat transfer from the fluid through the tube
wall is proportional to the temperature difference between the fluid
and the surface being cooled, high flowrates and low inlet temperatures
glve the largest heat transfer per unit tube length and the largest AT.

From Figures 2 and 3 it is seen that thermal performance will
be improved by spacing tubes closer, which increases fin effectiveness
and reduces tube wall AT (by reducing Q/L per tube). The best spacing
is a compromise between performence and practical factors, such as
flexibility. A spacing of about 1 inch was selected for the metal mesh
tube/fin LCG.

3.3 Head Cooler Fabrication

Nine patterned head garments, two Neonate garments, and a
test article were fabricated as detailed in Table #. Figure 4 lists the
main sters. The Figure 5 garment flat pattern shows the approximate
routing of the transport fluid tubing and the areas where metal mesh is
used. Arrows on this chart indicate the direction of greatest elasti ity
of the metal mesh. Figure 6 shows the layup.
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Fabrication of head coolers by the tube/fin method results
in garments which are elastic, conform to the head, and are durable
as summarized in Figure 7. Tests on similarly constructed test elements
demonstrated the head coolers effectiveness. (See Section 3.h4).
Appendix A contains laboratory notes which detail the fabri-

cation effort.

3.4 Thermal Comparison Test

A thermal comparison test was conducted on Flexitherm, Shuttle
LCG, and tube/fin test articles as indicated in Figure 8. NASA supplied
the Flexitherm test article but the Shuttle LCG test article was made by
Vought. Thermal effectiveness is related to the flow path spacing be-
cause the transport fluid is brought into closer contact with more of the
heated surface as the tube spacing is reduced.

Heat absorption data for the three test articles are presented
in this section and further test description and data can be found in
Appe 1dix C. Referring to Figure 9, the plot of heat absorption rate for
the Flexitherm test article, general trends can be identified which apply
t0 all the test articles. As the inlet temperature increases, the AT
between the fluid and plate decreases and the potential for heat transfer
is reduced. Lowering the plate temperature has the same effect since the
fluid-to-plate AT is reduced. Increasing tre total tramsport flow through
the test articles effectively lowers the average fluid temperature which
increases the fluid-to-plate AT and increases the heat transfer.

The Flexitherm test article had the highest heat absorption rate
due to the smell tube spacing (.2 inch) and thin tube wall {( .Gl0 inch).
The representative Shuttle LCG test article has a slightly wider tube
spacing ( .22 inch) and a considerably thicker and more rigid tube wall
(.032 inch) and both factors work to give a heat sbsorption rate lower than
was obtained with the Flexitherm .est article, as shown in Figure 10.

As shown in Figure 11, the tube/fin LCG test article exhibits
all the trends discussed above but the data has more scatter, unexplain-
ably, for the higher plate temperature. It had the lowest heat absorption
rate. Tube spacing { .9 inch) is four and one-half times greater than

13
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the Flexitherm sample. The combination of tube wall thickness (.016 inch)
and film thickness (0.0015 inch) give an effective thickness intermediate
between the Flexitherm and the thick wall Shuttle LCG tubing. Because of
the presence of the metal mesh the tube/fin LCG had the greatest rigidity
in the tube area and the least tube contact (due both to its rigidity and
the localized bumps in the areas of the metal strands).

Future tests should be performed with a test device having a
more compliant surface then the heated aluminum sheet used in the present
work. Heat transfer contact area with the aluminum sheet is highly de-
pendent on the softness of the transport tubing layup, as opposed to the
actual end use against the human body which would be much more compliant.

Present results appear to te consistently biased in favor of the softer

layups.
3.5 Production Cost Analysis

This section contains results of a pr.duction cost analysis,
both menhours and masterials, for fabricuating six units each of three
different garments, as summarized in Figure 12. Although the head cooler
can be made in eight (8) hours of work, the actual fabrication must take
place over two days because the sprayed aihesive must have time to outgas.
All cost values were arrived at assuming current methods and procedures.
The material costs do not include the expense of minimum buy requirements.
Minimum buy requirements aave the greatest impact on the "head cooler only"
adding approximately $800 to the materials cost for the six garments.
Similarly, the head/vest cooler material costs are increased $300 for six
garments. The full body/head cooler uses sufficient material that minimum
buy requirements are not a factor.

Details of the production cost analysis are presented in Appendix
B. Not included in the production costs are development costs for the
head/vest cooler and full body/head cooler required to bring these cooler
garments to the same point of development as the head coole: of which

numerous garments have been febricated.
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k.0 STATE-OF-THE-ART FOR TUBE/FIN GARMENTS

The work perfurmed under this program shows that a tube/tin
garment can be fabricated from commercially available materials. The
garment is flexible and elustic and zonforms to the head. Garment
layup can be made as a flat pattern which greatly éimplifies fabrica-
tion. Stitching the garment seams provides s simple method of closing
the garment without elaboraste tooling.

5.0 RECOMMENDATION FOR FUTURE WORK

Figure 13 gives areas where further work is recommended.
Additional tube/fin test elements could be made to optimize tube spacing.
Better head cooler patterning is recommended to improve garment compati-
bility with communicaetion headsets, face masks, etc. The tube/fin LCG
concept haes been significently advanced under the reported work and fab-
rication of garments for other areas (upper torso) of the human body are
recomended. CSome ereas of fabricetion could be made easier if more
sophisticeted tooling Wwere availsble. It is recommended that the fabrica-
tion procedure be reviewed for areas where tooling would speed fabrication
and improve the end product.

21
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APPENDIX A

LABORATORY NOTES

A-1



TUBSCAY 1257
MADE POLYUYRETHANE FILM ELEMENT
MIXED 25-48 ADmesE  (Nokobak EPoxY)
25 ogm ‘?esm
25 %W\ Hordemer
30 wl Towene (DilvenT)
80 ml, o'f ADHESIVE  soLLTioN (\‘.\'.\.2)

ELEMENT CoMROSITION (RE-MN(E OF ELEMENT IN BAD QURE CYCLE\
TF 322 2wl

-
3 A s -2/ |
Mwe - 1280 25-98 ADHESIVE
3 Ag 5 -4

-
TF 322 1% vl

SPRAYED FiLM AND MESH WITA EPOXY SoLUTION AND ALLOWEL

sSPeaAveh PART To STAND FOR 2 Houks BeFore BAGGING,

ACCELERAXTED CURE USED Z WOURS AT 150°F

RESULTS. ELEMENT IS GooD

BETTER ELASTICITY TaAN PREVIOUSLY

WIRE MESW LIMITS STRETCH

CUENAL PAGE IS
OF PQOR QUALITY
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WEDNESOAY  1/26/77

MADE (ATEX SAMPLE

E mne.  (ATEX SHEET

viton L-31 ADHESIVE.

3 A3 5- 2/ wWiRe MESH
&' 0.0 LATEX TUBING
VITON L-31 ADHESIVE
S mMic LATEX SHEET

ADHESIVE WA3 MIXED 5/24/% ORIGINALLY AND
RE-STIRRED 70 RLECOVER THE DISPEESION.

SPRAYED T7THE ADHESIVE AND IMMEDIATELY

BAGGED 7HE (AYUP BECAYSE ArTHELR USERL

PEQRUIRED THE OVEN FoOL SET—UP AND
OVERNIGHT BAKING.

PEIVLTS:

THE [ ATEX SHEETING PcELS APART EASILY
AD APPEARS 70 HAVE BURBLES /N ADHESIVE,
THE ADHESIVE WAS FOANMY wWHEN SPRAYED 4D
NMAY HAVE CAUSED 7HE BUBBLES oR PeRHAPS

THE SPRAYED SHEETING REQUIRED A LONGER
OVTGASSING TIME.



THURSDAY l/ml'h
SPRAYED (ATEX ADHESIVE ON LATEX SMEET TO TEST

THE CURE AT RooM TEMPERATURE OVERNIGHT.

THE VITON =31 LATEX OISPEFSION) HAT tMALL UNLEIoLVED
LATEX PARTICLES YHICH CLOGGED THE '"JET PAK. NoZZLE.
I STRAINED THE PARTICLES oUT AND SPRAVYED Twe
REMAINING LIQUID,

RE SULTS:
VITON L-31 DID NOT ADHER WELL TOo THE LATEX SHEeT.

THE L-31 5SPLIT DURING CURE AND PEELS EAILY FRoMm ThE
LATEX SHEET,

ANALYSIS &

LATEX CONMTAINS A BINDER (PowbER) WHICH TAN NOT RE
Remove b AND EFFECTIVELY PREVENTS BONDING,

A-k



MONDAY 1 /31/77

TF40 / so-93  warls COMPATIB\UITY  Cusex
MiX NoRbDBAK S0-93 EPoXY (kux)

BY weEigHT — BY Vvowume —
10 am  RESIN U PART Resin 20 vl *
8.7 @ HARDENER I PART HARDENER. 20 mi
| PART Towvene 20wl

— OMIT WIRE FeRk Tws ELEMENT —
LVEGREASE TF4i0 EILM OND TUBING  wWiTw TOLVENE

SPRAY  FiLM wiiTH EPoxY
IF ToLuvenNe
CUTGAS FoR

I> USED As EPpoxy D\LUT&MT, LET comPonEnTS
Z HOURS DEFoRE VYACULUUM BAGGING

PREPARE  Vacuum BAG —

LAY UP  composiTion

e —— YF4\Q Fium
o o o o MPIi880 Tukg,
TF4l0 FitM

CURE: 45 mun. AT 2S06°F (m’c,)

RESULTS: Govd pece STRENGTH

GOOD ELASTICITY (Mo WigE wesH)
FiLm s WRINKLED AT THE |80° BENDS

¥ 20 ml 15 the spaalfest grodaation on plastic beaker
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WEDNESDAY 2/9/77 Pacs | oF 2

/. MADE 2 TEST ELEMENTS U3SING 2 MIL TFAO Fuin]
WITH MNOERDBAK Z25-98 ADHESIVE,

/A /8
TF4i10
———————— 3A,5—ab —_———————
o O © o MFP - 1830 o © o o
———————— 3 A5-2f —————_————
7F 40
— — COMPORT NONE

2. TRIED ToO SPAAY 25-98° WITHOUT DILUENT. ADHESIVE
/S TOO VISCOUS 70 BE PULLED UP THE FEEDER:
TUBE OF JET-PAk. SPRAYED OKAY WITH TOLUENE
ADDED

ADHESIVE AIX: (2.5 6r1 RESIN
12.5 GmM HARDENER
10.0 ML ToLUENE

3. T® FACILITATE L(AYUP Roc&DURE, I 7TAPED THE
Fltm To SLIBHTLY UNDERS/ZED PIECES OF carD-
BOARD BEFORE I CLEANED (DEGREASED) THE FILm
WITH &0 % TEIC /20 % METHANOL SOLUTION. THE
CARDBOARD WAS EEMOVED MRIOR TO BAGGING,




FRGE 2 ofF Z

THIS PROCEDUEE, ALTHOJGH TIME CONSUMING IN THE
EARLY STAGES, ELIMINATES MUCH OF THE
FEUSTRATION OF FBSITIONING THE FILM AFTER
ADHESIVE WAS APPLIED. ONVE MNEGATIVE ASPECT
OF ROLLING THE FiLm BEHIND THE CARDBoARD
/IS THAT THE EDGES OF T7THE FiLM Do NoT GET
COATED MYT7TH ADHESIVE.

FESUOLTS ! GENERLALLY pMNOT GooD
POoR PEEL STRENGTH

COMMMENTS —

AFTER ATTEMPTING 7O SHRAY THE ‘25-98
WITHOXVT A DILVENT, TOLUENE WAS ADDED
BUOT EVIOENTLY DID NOT GET7T MIXED WELL
WITH THE ALREADY MIXED (2 PART) £FPoXY.
WHEN THE MIXTUCE WAS SPPAYED I7T wAS
LIOSTLY LDI/ILUVENT.

A-T



FPAGe
FRiDAY  Z[1f17

/. MAKE VARIATION OF ELENMENT #3

TF410 2 mre
———————— #A95-2/0
© o o o MP—-1880
TF410 Z M

USE MNORDBAK 50-93 ADHEeESIVE
BY voLvmeE : S mld RresN

;I OF 2

5 mA HACDENER
/10 nml  ToLUVeENE

2, THe WiRE MESH (3 43 5- z/o) WAS STRETCHED N
THE (WD DIRECTION WHICH EBEDUCED THE SwD.

Average 3SwbD = ,05"

LESILTS: GOOD PEEL STRENGTH
GooD ELASTKITY

CURE CYCLE WAS 2X THE RECOMMENDED

LENGTH BU7T DID NOT FEDUCE
ELASTICITY APPRECIABLY

A-8
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PAGe 2 OF 2

2/1/77

ATTACH THE POL YURE THANE FIiiM 70 caeDBoARD
WITH CELLOPAHANE TAPE.

CARDBOARD HOLDS FItam FLAT & SMooTH DURING

DEéQEAS/NG, ADHESIVE SPRAYING AND ELEMENT
PoSITION/NG,

CARDBOALD

FPOLYURETHANE Fitam

97 / TUBING

wWige pEsH

POLYUVEETHANS Frm

CARDLOARD

A9



FRIDAY 18 ¥6B 77
READ cOoLER —

FLAT PATTERN

15T AITEMPT WILL BE WITH o I mil TF322
¢ Nordbak 50-93

* NO WIRE MESH
* MP-1%230 TUBING

TURING WILL BE THERMOFORMED To FAQILITATE FadRiCaATI>H

THE Agq WIKE MESH WILL BE ot TTED To (ONSERVE SCARCE
MASTERIALS

15 ATTEMPT WILL IRON THE BUGS ouT aoF Tre FAD.
VROCESE

A-10



TUESDAY 22 FEB 17

LABIRATDORY WoRK
LAD oUT THE SERPENTINE TUBE PATTERN FOR THE HEAD COOLER,
TUBE LENGTH =8 .

TUERMOFORMED TUBING @ 2Z2S0°F FoR 90 MIM,
(CONSIDERABLE  SHRINKAGE )

MOUNTED THE PoLYURETHANE Fitm (TFazz- l’iﬁb oN

CARDBOARD PATTERMNR FoR CLEANING AND ADMESIVE APPLICATION.
- CLEANING DOVE WITH TOLUVENE -

A-1l



THORTDAY 24 FER 1977

THERMOFORMED TUBING Fok 90 win @ 250°F
THIS 1S A SECoMD ATTEMPT — TRYING To OVERCOME
THE SHRINKAGE.

SOME SUCESS - DETTER THANY EARLIER ATTEMPT
ToBING DoEF Nat MPINTAIN TRE ORIGUIAL Fokm LAID auT

TUGIDS LeEnGTH = L1+

MixeD NORDBAK 50-93 %vm

20 »&  RESIN
20 ~d  HARDENER
16wl  TOWENE (DILUENT)

TS (S0 wmi) WAS BaRELY ©novaH To SPRAY ALL THEe
FlLM JECTIONS, ¥

~MIX LARWER QUANTITY OF EPOKY IN TWe FUTURE OR INCREASE
DILUENT QUANTITY -

* LARGER QUANTITY MNOT MNECESSARYy — ALPLICATION WAS
EXCESSIVE — REDUCE APPLICATION THIKCKNESS AND
S SO ML WILL COVER THE FILv AEPEA,
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-FRIDAY 25 YE® 977
LEITH AND I FABRICATED HEAD COOLER FLAT PATTERN

ELEMENT

SOME  IMPROVEMEDT § /ZRANGES WERE IMMEDIATELY
IDENTIFIED,

I Reduce Y thickness of the a&‘u.sdot..f.a.«‘w :imujel on e §ilm
2. Do et use pol\aeﬂ\\ene wthh cure c«ddes &£ zso°fF
3. Yenk the Tubing out of the vacuum bag

4. (onsider ma.kins Hae film n sir\gle prece instead of
mdwlduai Jdom anemks

5. Exper\mwf with hed ‘se—mb-«—sas

Resukdos
. GooD ELASTICITY
2. GodD PEEL STREMNGTH
3, TUBING FLATTENED - PASSAGE CLOSED
4. ADHESIVE ON EXTEEIOL — CAN BE CLEANED
5. BAGGING MATL STVCY To ARTICLE

A-13



TOE SLAY I MAR G111
EAPERIMENTIONG WITH HEAT SEALING

HEAT SEALING THE MEATL COOLER SEMS wWAS

PAMPERED ®Y THE EXLESS ADHESIVE wWHICHK CoATED
THE SEAM AREA.

CLEANED THE SEAM AREA WATH TOLULENE AnND TEeD
PG AW,

THE SECOND ATTEMPT AT UCAT SEALING MET whTWY  GREATER.
ACLESS ALTROVGH THE SEAM STRENGTR  ACRiEvVeD
WAS VvAR\eD AND MARGINAL 1w MOST AREAS.

DPERATOR TECWMQUE AND TRE HEAT SEALING MALKIDE

WERE LESS THAN OPTiIMUIM, A 3IMALL MACHINE MiGHT
PERMIT FTOLLOWING THRE SEAM CULURVATURE.

THWE 4 LAYERS OF 1.S MIL FiLM WERE EZASILY OVER HEATED—
CREATING A WEAK JohaT. THE Fium Thiewness (No. ofF
LAYERS) WASKR'T UNIFORM ALONG TRE SEAMLINE WriCH
CREATED TWE NEED FOR CONTINUAL SETTING CHWANGES.

‘—-‘o_—-—

STARTING WITH THE HEAT 3EAL SEAMS ) GUSSET MATERIAL
(TF322) WAS GLUED ON THE CONVEX SIDE OF THE
HEAD CoolLER. USE pUDILUTED NORDBAK 25-98 ADHESIVE
APPLIED TO SEAM AREA WITH A COTTON SWAB

NORDAAK 25-98 ADRESIWVE CURES OVERLNIGHT AT Roowm
TEMPERATURE.

VACUUM BAG NOT SEALED ARSOLLUTELY BT FOLYETHLENE r3
HOLDING MATERIAL TIGHT FaR oVERNIGRHT (URE

A1k ORIGINAL PAGE I
OF POOR QUALITV



WEDNESDAY 2 MAR 1977

REMOVED MEAD CoOLER GARMENT FROM VACUWM BAGEED
HEAD MoLD.,

THE QUSSET MATERIAL SLIPPED BUT &GenNeeAaLLY CcovERED

THE SEAM ARCA, WRINKLING oF THE GUSSET MATERIAL
WAS VeRy BaD,

THE SeEAM STRENGTH WAS INCREASED B&Y ADONG
™E GUSSET MATERIAL,

TWIS TECHRMIQUE S DIFFIQLULT 7o PERFIRM DUE Yo @

l. VAcyum BAG DIFFICULT To SEAL

2. QUSSET MAT'L DIFFICULT To KEEP In PosiTiond
3, QUSIET MAT'C WRINKLES DURING BDAGGQING
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THRURIDAY 3 MRAR 1971
MAKE A <ScconN FLAT PATFERN HEAD CJooLER

bSE | % il TF2322  Frear
NoRDBAK s0-93 ADHE SiveE
No  WIRE MESH
MP <188 TUBING o1 I.D, X 106 0.D.

MAKE FLAT PATTESRN AS SINGLE CoOMPCRNENT.
THERMO FORM  TuhiING — (2 feel \e«\ﬂ% —

NoRD BAk  S0-a3  (8Y voLume)
1o wm&  eesm
10 &  HARDENEE
lo wi Te'VeNE (dilvert)

W »
DAUBDED SPRAYED ADHESIVE ‘a'T4 '<IMWIFE TISSUE
TO REMOVE EXCESS ADHESIVE AND CREATE MCARe

DNhZSoeM  LLAYER OF ADRESIVE (Loons Goob)

THIS 19 SUFFICIENT ADHESIVE To CoOVER THE PATTERHN
AND WIRE MESK WEHEN THE LATTEeR S USED
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FRIDAY 4 MAR 19T

FABRICATED SECOIND READ CoolLER
-=UUSKED MOT'LS LA® OVEAN -

@o0D ELASTICITY AND PEEL STHENGTH FoR GARMENT
TUE SWNGLE COMPORERNT FLAaT PATTERN WwWOoRKED wetL.

THE <ERPEINTINE TUBE OWON'T FLATTEN AS OCRCURRED
PREVIOUSLY , HOWEVER THERE 1S Too MuICH
TOBING WHICH RAMPERS HEAT SEALING OF SERMS,

OBOSERVATIONS —

NEED SMALLER ,CURVED HEAT SEALING MRACHINE ,

NEED To REDUCE THWE LENGTH OF TUBING (N CROWN
AREA

RUONMING oW ON TF322 29AMPLES



MONDAY 1 MWR 1G77

PRTPARED FLAT rATTeERD) HERAD CooLER (*3)
SINGLE ComPoreENT

2wl TF410  vum

Mor Jond. SO -9% ADREiNEe >
136 WIRE MESH

MP- 1825 TTURMNG

REVISED Tu®NG RoOUTING

IO wm), OF MIXED ADHESWE wWAS LEFT-oER From
ADHESIVE APPLICATION oOF 3 MAR 1I977. USED 1o N
OF TOLVERE To DILVTE AND SPRAYVED ADHESINE AS
USOAL. NoTiICED IMMEDIATELY ADRESIVE WAS MORE
TAUKY THAN A TRESH MIXTURE. TOLVENE SoAKED
KIMWIPE USEO To EVEN oUuT ADRE3IWE ,

PORESIVE CoATED BiLMm ALLOWED To STAND oVERNGRAT
To OQUTGAS TolLuenE

THERMO FoRMED REVISED TOBRE RoUTING — STLL OSING
APPROX . 12 BT TUBING LENGTW.

* ¥

MOLEL  MNokDBAK  25-98 ADHESVE AND ADPLIED TT o
#72 HEAD COOLER To @lLe Dowhl HEAT SEALED Seam
TA®S, (Now- DILUTED) e

VACLOM DAGGED GRARMENT AN HEAD MoLD AND CURED
N OVER AT (30°F FoR 90 MIN — WHICH WAS INSOFFienT
To CURE ADHESIVE, USED RURBER BANDS TO HoLD SEAMS
AGAINST McCLD DURING vER MNIGHT AMPIENT TEMPERATULE
CORE,

POLYSTYRENES HAVE Low SERVICE TEMPERATURE 1SO-1T70°F

THEREFORE T KEPT CQORE CYCLE RELOW NORMAL AND ADHESIVE
DD NoT CuRk oUT A 10

L3 ™ N V)



TUESDAY & MAR (977
FABRICATED HEAD CooLER 3

ADRESIVE o\ FiILM CURING oUT — TURING wiLL NoT
SCIP ARLUND eAsSILY. PoSITIoNING MADE MoRE
DIFFI\CULT.

SINGLE C(OMPONENT FiLM  MPLIFIES LAY-UP,
FILM AND TUBING CLEARNED WITIA TOLUENE

USED ENGR MAT'LS LABR oVEN FoR TRERMAL CURE-
250°F FoR 4S5 win

RESULTS S
rﬂ?ooQ PEAL STRENGTH
\ ELASTICITY OkAY (%CALL. 3 wmd Tim U&EDB

LTS MAY BE DUE To DILUTING PARTIALLY CURED
ADRECTIVE DRIGINALLY MIXED 3 MmAar 1977,

TOSPECTION OF HEAD CooLER #72

MECHANICAL HOLD DowN To SEAL SEAMS REMOVED.
ADHESWE STILL TACKY AFTER LOW TEMPERATURE
(AMBIENT) OVER NIGHT CURE,~ Do NOT LUNDERSTFND
NON-CURING . — PERHAPS THE APPLICATION WAS THICKER
THAN NORMAL DE To SWABRING ADREIIVE oN SEAMS,

CREATING STRONG AND . NEAT . _ SEAMS 18
CURRENT PRoOBLEM AREA.,

Qore T PLOE T
ol Ty

L] b sl
an—ay



THUP.ZIDAY O MAY 1977
JoId SEAMS OF NO. 3 HEAD CooLER

USE MNokDBAK 25-98  MIXED 4.5 g9m RESIN
465 gm HARDENER
(MIRED Y WT) ™. 93 gm
No DILUENT YseD

VACUUM BRGGED GARMENT ON HEAD MOLD
WITH LATEX SHEET

ACCELERATEDR CURE -USED — Z HWRS AT ISO°F iN ENGR
MATLS LAR OVEN

ResuLts s
GooD APPEARANCE — NEAT, FLAT
PooR PEEL STRENGTH ~ SEAMS 38PARATE EADILY,
ADHESIVE QURED RUT MPDE WEAK BOND.
ANDALY SIS 3

THE S5AM AREA WAS CLEANEC WITH TOLUENE
AND PERHAPS THE SPoXy WwWAS APPLIED Too
SooN THERE AFTER

THE ORIGINAL BAGGING (BLEED CLOTH) CREATING
A WAFFLING OF THE FILM WHICH
REDUCES THE ADHESIVE AREA, WHEN
JOINING “THeE SEAMS.

LATEX PUBBER HAS A FELEASE AGENT

INTEGRAL WITH THE BASE MATL WHICH
NEGATES THE ADHE SIVE.,
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MONDAY & MAR 1977

PREPARE FLAT PATTERMN Fok HEAD COOLER #*4.

USE 3 MILL TF4i10 Fium
DEGKEASED WITH FULL - STRENGTH ToOLUENE

THERMOFORMED TURING — 10 FEET LENGTH —
- Z HRS AT 250°F -

TUESDAY IS MAR 1977
MIXED NORDBAK 50-93 ADHESWE 5 ML RESIV
5 ML HARDERNER
(MixED BY VoLuME) 10 ML  TOLLENE
ADHESIVE SPRAYED THEN DAUBBED WiTH " KIMWDE
To EVEN OLT ADHESINE AND REMoVvE EXCESS.

THERMO FORMED TUBING CLEANED WiTHW  TolpeENE

A-21



WEDNESDAY I MAR 1977
FABRRICATED HEAD CooLER ¥4

USE ACCELERATED CURE —250F FOR 45 mm,
(ENaR. MATLS LAR. OVEN)

RESOLTS: NOMINAL PEEL STRENGTH
THE 3 MIL FILM SEEMS To BE A FACTOR..
LAY UP 1S SERVICEARLE \F €DGES CAN /€
EFFECTIVELY SEALED,

WRINGLES IN FILM - ONE WRINGLE WAD
JEVERE ENOUGH TO PINCH THE TUBING,
TUBE FLOW CROSS-SECTION REDUCED 10, .

&GooD ELASTICITY

A-22



MONDAY 28 MAR 19717

MAKE LAP SEAMS

Uses I. Wesd HEAD MoLD

2. Nordbak 50-93 ADHESIVE
25 MIL RESIN
2.5 MiL HARDENER

No DIWUVENT

3. LATEX SHEET-VACUUM BAG
4. CUEESE CLOTH -BLEED CLOTR

5. No, 3 HEAD ToolLER FLAT PATTERN

6. DecELERATED CURE 250°F For 4S MIM.

RESOLTS ¢
SEAM  ITRENGTH ~ONLY NOMINAL, CAN BE

PEELED APART
SEAM  OPPEARANCE — WRINGLES , |F ADRESINE BoND

WAS DETTER THE SEAM
APPERRANCE S wWopLD PASS

AJALYSIS ¢

TT APPEARY THAT THE ADHESIVE TECHNIQUE IS
FNADEQULATE
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TUESDAY 19 APR 1977

FABRICFTION) oF REPRETENTATINE SHITTLE Lia

1

1 e ¥
SPECAF\CATION? }é oD, X '(6 1.0, TORING — }1{'& SPELING

DZE TOBING FROWM <Tock.

E 3 L TE4AIS POLYURETHARE FILM  Fof, SEPARATORT
. i

VR T CEALED THE  FILM AT 2 SAe sPACMG For 3L TueES
TKIS WILL CREATE A TelT ELEMENT @& (14" wioe,

PUEBCHASED MINATORE FITTIIIGS To CoONMNECT THE 3o
TURES o MANIFOLDYL,

‘/aua_b, TURES -\ _'”‘—%H

AL Tose B 'pag

AMB MAIJ'FDLDS—/
w/%AQBED Rt TINGS

LRI
'

Jd' ; -—I‘ — o ﬂ? E‘\wemao vLug

T STRIPSY
JEFARATHKS

ORIGINAL PACE 1S

F POOR £ °TY
A-2L 0



WEDNES DAY 20 APR \977
FABRICATION oOF REPRESENTATWE SHUTTLE LG
2UT 306 LENGTHS AF TUBING 18 N, Loré
MADE T - 1éuW\DE-: POLYURETHANE STRI\PS

HEXT SEALED AT 5/ 1IN, INTSRVALS.

THREADED THE 2 ToRE THRY 33 OF THE
FILM  STR\|PS,

THERMOFORMED A <PRPENTINE TURE FokR
THE VOUGHT TEST ELEMENT,

SERFENTHIE TUORE CLEANED wWTw ToOUVUEZENE.
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TUESDAY 22 APR 1977

HEAT SEALING SEAMS ON HEAD CoolLER #*4

FEF. 'NFO, HenD <oolER
3 MIL TF410 FILm (2 LAYERS)
MP 1880 TUBING .loc/.07"
NO WIRE MESH
NORDBAK 50-93 ADHESIVE

EXPERIMENTED WITH HRAMD-MELD HEAT SEALER
- T €

THE PRoPER PRESSURE (THUS WEAT) WILL SEAL
THE 3IMIL FILM BUT WILL AL3ID MELT THRU
THE FILM. THE WEAT SEALER IS 5 WATT AND
HAR A KNURLED WHEEL.

QEAMS ARE STRONG ALTHOU@H T BURNED THROVGH
THE BASE MATERIAL IN SEVERAL PLACES.
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WEDNEIDAY 4 MayY 1977

priy

PREPARATION) TOR FABRRICATION OF VOUEHT DEIIGN
ADV. LCG TEST ELEMENT

CUT SWLVER (3 Ag5-%/0 FLAT) WIRE MESH TO SIzE.
CLEANED TeE TWO PIECES OF WIRE MESH
WITH TOLUEME,

CUT 1’2 ML TF4I0 FILM  FOR TEST ELEMEMNT.
TAPED FILM T¢ CARDBOARD AND CLEAMNED
BOTH PIECES wWiTH TolLUENE

%

CUT AND BEGAN TO MOUNT (% miL TF4l0
ON CARRDBOARD PATTERNS FOR No, 5
HEAD COOLER FLAT PATTERN,

PLAN To FABRRICATE NO. 5 HEAD wolLER AND

TEST ELEMENT FRoM A SINGLE 50-93 ADHESNE
MiLX.

A=-27



THURSDAY S MRAY 1977

MIX NORDBAK 350-93 ADHESNE
IO ML RESIN
10 ML HARDENER
10 ML DILUENT (TOLUENE)

e

ADV. LCES TEST ELEMENT
TPRAYED THE 1% ML TF4O FiLM AND WIRE
MESH WY TH ADHESIWVE = DAURED ADHESIVIE
TO IMEPROVE DISTRIRLTION ON FiLwvy - SPRAYED
\TEMS ALLOWED To OUTGADS IVERNIGHT.

s

HEAD CpolER FLAT PATTERN #*5

FIMSHED MoLNTING 1% MIL TFdlo FiLm
ON CARDBOARL PATTERINS

CUOT WIRE MESH PER PATTERN RELOW
ARROWS NDicaTE DIRECTIoN

OF GREATEST ELASTICITY OF
3 WIRE MESH SWATCHES

- - e -

SPRAVED THE FiLM (BUT NOT THE WIRE) wTH
ADHESIVE ANL DAUBEL ADHESIVE To IMPROVE
DISTRIBUTION. ALLOWED THE ADRESIE TO
OUTGAS OVER NIGHT.

A-28



FRIDAY & MAY 1977

W

ADV. LCGE TEST ELEMENT

ASSEMBLED THE TeEST ELEMENT AS DESCRIBED
RELOW]

O O o O O

—————— = — - == — - - -—-a—= 3 NAg5-2b FLAT wesH {2)

O/Mp-uaao TUBING (sERIES)

\—\-5 WmiL TFHO Fim 2)

USE ACCELERATED CURE oF 45 M. AT 250°F
YOR TRE NoRDBAK 5B0-93 ADRESIVE,

RESVLTS: GooD ELASTIATY AND PEEL STRENGTH...

s

HEAL CoolLeErR No. S

ASREMBLED THE HEALD COOLER FLAT PATTEFRN
SAME CONSTRUCTION LAYUP AS USED FOR THE
ALV, LC& TEST ELEMEWNT,

VOED ACCELERATED QURE NF 45 MIN. AT 250 %F
FOR TRE NORDBAK 50-93 ADHRESIVE,

REQULTS ¢ GooD ELASTICITY AND PeclL STRENGTH...

SERPEINNTINE TULUBRING DID NOT &ET
POSITIONED EXACTLY AS DESIRED.
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NMONDAY 9 MAY 1977
ALV. LCG TEST ELEMENT (PARALLEL FLOW)

PREPARED AND DEGREAIED ‘4 MIL TF4io FILM
AMD  SILVER WIRE MESH

SN U AR MANIFOLDS
_ } j (& PorTS)

;AI. TLUBING
MANIFOLDS

TEST ELEMENT NWiLL REQUIRE THE ULUE oOF
THE MINIATURE BARBED FITTINGS AND AR
MANIFoLDS PURCKHASED ORIGINALLY FoR
THE REPRESENTATIVE SHUTTLE '.C&a TEST
ELEMENT,

CUOT  ELEBVEN LENGTHS 2oF TUBING AND CLEANED
TAEM WITH ToOLUENE
TUBING 19 AOG6 0D, ¥ 01 TD X 18" Lona,
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TUESDAY 1O MAY 19771

AV, LCG TEST ELEMENT (PARALLEL FLow)

MIXED NORDBAK 50-93 ADHREINWE
S ML RESIN
S muL  HARDENER
T ML DILUENT (TolLueneE)

SPEAYED FilLMm AND WIRE MESH whTw
ADHESIVE. DAUBED ADHESIVE ON FILM
WITH " KIMWIPE" To IMPROVE ADWESNINE
DISTRIBUT!OW.

ALLOVIED SPRAYED ITEMS TO OUTGAS TOLUENE
OVERNIGHT
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WEDNES DAY IV MAY 1977

ADV, LCa TEST ELEMENT (PARALLEL FLow)

ASSEMBLED FiLM , WIRE MESH, AND TUBING

—a- B ML TFaIO (2)
-‘-3@5—2/O (2)
_____________ ‘3"-\_ A P- 1880

- T -~ BLEED <ioTH
fo—— — = S S T LT AL, LATE

VACUUMI BAGGED AND THERMAL CURED
AORESIVE AT 250 °F FoR 45 min,

ALLOWED TORING To PROTRUDE FRoM VACuUM BAG
To REDUCE TUBE COLLAPWING, TUBING
COLLASPED PARTIALLY OUTSIDE OF TWeE
WIRE MESH CoVERAGE,

HYPOTHESIR ¢ THE TUORING \S REATED BvY
THE ALUMINUM BACKING PLATE AND

WBIEQUEINTLY CoOLLASPES UNDER
VACYOMN CONDITIONS.

THE ALUMINUMI PLATE wWAS ADDED To CREATE
A FTLAT S\DE ON TRE TEST ELEMENT, THE
FLAT SIDE 3SHovlDd MPROVE ZLEMENT

CONTACT WATH THE CONVEX ALLVMINUM VLATE
PURING TWE TEST.
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WEDNESDAY 18 MAY 1977

HEAD CooLER NO. 5

(Y »
USED HAND-HELD  SEALINE HEAT SEALER
To MAKE SEAMS.

SEAMS ARE <STRONG BUT BURN-THROUGH OCCURRED
IN SEVERAL PLACES.
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WETHETDAY & JUNE 1977

FREPARATIONS FOR NO, 6 & 7 HEAD CEOLER
FLAT PATTEERN -

SERPENTINE TURE

-— r—
N = =

SWVER METAL MESH LAY-UP

FLAT PATTERNS NO. & & 7 WiLL BE SEWN
TOSETHER BY AL TAILOR.

TERPCOTINE  TURBE wWAS THERMITIRMED AT
LS0°F FOR 2 HOVRS, CLEANED wWITH TOLUENE

ATTACH .S ML TF41D FILM TO ZARDBROARD
S\ZING PATTERN, DEGREAIE FILM wiTH
TOLUVE}E.

CUT 3 AG 5 -2/o METAL MESH SWATCHES,
DEGREASE MESH B®Y SFRAVYING SWATCHES
WITH TOLUENE .

CRIG™NAL PAGE IT
A-34 OF POOR QUALITY



THURSDAY 9 JUNE 1977

HEAD CooleER NOo. 6 & T

MIX NORDBAK S0-93 ADRESIVE
G M. RELN
16 ML  HARDENER .
15 ML DILUENT (TOLUENE)

SPRAYED ADHEIWE O Flunvt AND DAVBED
THE ADREISIVE WITH A KIMWIPE To WMPROVE
DASTRARUT\ON.

NO ADHESIVE APPLIED To METAL MESH
ISWATCWES.

ADRESIVE APPLIED ™o FiLM WA ALLOWED
TO OQUTGAS OVERNIGHT.
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FRIDAY 10 JUNE 1977

HEAD COoLER No. &6 & 7

ASSEMBLED LAYUP AS LESCRIBE

1.5 M- TF4HO Fuum

. 3Pha 5 - 2fc WME3W
MP 18820 TuBING

~ 3AqS -2

1S MIL TFAO FiLm

ADHESIVE <i_ :‘9‘ ‘—5‘ T

10f
el

VACUIM PAGGELD IN MY LAR.

ACCELEPRPATED CURE FoR ADRESIVE UFLED.
(250 °F FoR 45 mn.)

REZLLTS 4

QoD ELASTICATY N WD, MINIMAL
EZL.F\?EFTI(:I'Y\( IN LWD.

Good ADHESION AND PEEL STRENGTH,

LQLEAMS Wit BE MADE BY SEWING. omF T
LINER INTEGRATED 1IN GARMENT DURING
SENING OPERATION.
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FRIDAY 17 JUNE (977
COMFORT LINER FOR HEAD COOLER No. G

SEWING DONE AT ¢
A-L TRIM & UPHOLSTERY

LINER MAT'L 1S 100 % COTTON T-SnIRT (BLUE).

TECHRNIQLE -

SEAMS STITCHED WITH &XTEKIOR
SIDES FACING, AFTER SEWING
LINER 1S BEVERSED,

SPRING CLIPS HoLk SEAMS
ToGETHER FOR SEWING

ALL TRREE CoMPONENTS ( INNER LINER, FLIT PATTERN

& OUTER LINER) ST\TCHEDR BY MATCHED-EDGE
LAPPING TRHEN REVERS O
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SATORDAY 18 JUNE 1977

COMFORT LINER FOR HEAD COOLER No. S

SEWING DoNE AT:
Honme

LINER MAT'L 18 “STRETCH & SEW " YNTHETIC
MATERIAL, “LYCRA”

HEAD COOLER S FLAT PATTZEN HAS SEANS
MADE By HEAT SEALING

TECHNIQUE -~

EXTERIOR SURFACE

S &

INSHDE

STRAIGHT PINS HOLD SEANS
TOGETHER FOR SEWING

SEAMS STITCHRED WITH ONE EDGE FOLDED
INTO THE SEAM.,
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TUESDAY 21 JUNE 1977

FARRICATE WEAD COOLER FLAT PATTERNS
NOMBERS & & 9

CUT 1S MIL TF410 POLYURETHAME FiLM FRom
SUPPLY RoLL AND TAPED FiILM OVER
CARDBOARD PATTERN. CLEANED PitMm WiTH
TOLVENE AND LET ET To ovtTaas FokR
o VRS,

TRERMOTORMED <ERPENTINE TURE Fok
BoaTH HEAD COOLERS.

CUT JAgS-2/o WIRE MESH FoR TWO LAYERS
OF MESH IN EACH COOLER.

- MIXED NORDBAK 50-93 ADHESNE
{0 M RESIN
I0 ML HARDENER
15 ML  DILVENT (ToOLVENE)

SPRAVYED 4 PIECES OF FiLM VWATH ADHESIVE.
DAUVBED ADHESIVE WITH KIMWIPE TO IMPROVE
DISTRIBUTION,

LET ADWESIIWWE OUTGADS ONVERNIGRT,

A-39



WEDNESDAY 22 JUNE 1977

FARRICATE HEAD COOLER FLAT PATTERNS
Nos. & & 9

LVDIIED ACCELERATED THERMAL CURE OF
25n °F FoR 4S-60 wvuN, FoR ADHESNIE.

RESLLTS
GooD ELAITICITY (WD)
GoOoD PEEL STRENGTRH

HEAD CoOLER NO, 8 SERPENTINE TUBE SAME
AS PREVIOUR FOUR GARMENTS, REE NOTES
DATED & JUNE 1971,

HEAD CoolER NO. 9 HAS APPRoXIMATELY

TNO TIMES MORE TUBING THAN RHEAD
CooLER No. 8. (SEE DIAGRAM BELOW)

WIRE MESKH

HEAD COOLER NO. 9
TUBE PATTERN

o e PRk
Cr Foot CUHLLITY
A<LO



MolMDAY 24 OCTORER Q717

FABLRX ATE TEMPERATURE- CONTROL GARMENTS FRoM
PATTERNSDS RECEIWED FROM NAA- AMES

THRERMOFORMA TUBING —
USE .07"ID. X .106 OD. POLYLURETHANE TUBING
TAPE TuHING LENGTH (i1 Feeﬁ To AN ALUMINUM
SHREET 1N SERPENTINE PATH  FoR TRERMoFoORMING
THERMOFoR M AT 250°F Fok (0 miv.

TAPED 1% MIL TF 4lo PoLYURETHANE Fium oVER
CAQDBOARD PATTERNS FToR ADHESWE APPLICATION
AND GARMENT LAY ULP

CUT 3Ag5-2/o FLATTENED METAL MESH SEGMENTS For
NEONATAL GARMENT.

¢ ¢ 0 O 0o o o

\ Q——l’i MIL TFAIO FILM

— 3Ag3-2/0 mMmeESM

SERPENTIME &1"%.106" TUBING
TuRmG (TvP 3

- MESH
R, WD, & LT, WD) 3Aq3-2b ME
METAL meEsh He M TFalo Fitm

BEGMENTS (TP,
RT.AD, & x.w0 &
BOTH SIDEY OF TUBING)
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MONDAY 24 ocToRe® 1977 (ConT'D)

MIXED NORDBAK S0O-93 ADHESIVE
20 ML Re3N
20 ML HARDENER
20 MU DUWLENT (TOLLENE)
SPRAYED F\WM TAPeD OVER CARDBOARD PATTERNS
DAUVBED ADHESIVE WITR EIMWIPE TO IMPROVED
DSTRIRWTION

ALLOWED SPRAVYED COMPONENTS TO OQUTGEAS OVERNIGHT
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TUEIDAY 25 OCTORER 1977

ASSEMBLED RNEONATAL GARMENT COMPORNENTS AND
VACLUVM BRAGGED,

UIED ACCELERATED THERMAL CORE Fok ADHESIVE
260 °F For Q0 MmN,

T 3AgD-2/o METAL MESH BEGMENTS For
ZEONATAL GARMENT

PEMOVED VB ONATAL GARMENT FROM AUToCLAVE, BAGGING
MATERIAL STuck To ONE SDE OF GRRMENT

ASSEMBLED ZECONATAL GQARMENT COMPONENTS AND
VACOUM BAGGED. USED RLEED CLOH ON BOTH LIDES
OF GARMENT,

LSED ACLELERATED THERMAL CURE oON ZEONATAL
GARMENT . (28D°F Fo& 9o mMw.)

REMOWED ZEONATAL GARMENT FRoM AUTolLAVE.
No STICKING PROBLEM,

REGALN) CLEANING NEOMATAL GARMENT, STICKING of
VACUOM BAG MATERIAL AND SUBSEQULENT REMOVAL
CAUED THE GARMENT FItM To SEPARATE 1N SOME
AREAS, PARTICULAR PROBLEM WA OBSERVED AT
TUBE/ FILM FILET. TWE PRIMARY DAMAGED AREA
IS ONE SHOULDER/ARM. TRE METAL :1ESH S INTACT
AND THE THERMAL DEGRADATION 3IHoulLD BE
MIN ITNAL,
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APPENDIX B

PRODUCTION COST ANALS/IS



ESTIMATE & PEODUCTION COSTS fumiT

HEAD COoLER

FABRICATION 3TEFS: HRS
. CUT POLYUBRETHANE Fum FROM SUPPLY RoLL .5
2. TAPE FILM OVER CARDBOARD PATTERN (2) .5
3. CLEAN Fiem wWITH TOLUENE 25

( €T DRY FOR 4 HRS mINIMUM)
4. THERMOFORM SERPENTINE TUBING

&. TAPE TUBING To PLATE IN SHAPE BESIRED S
b. AvToCLAVE FoR Q0 MIN. AT 250 °F -
C. BEMmoOVE TUBING AND CLEAN WATH TOLUENE 5
d. CLEAN PLATE WITH TOLUENE .25
5. CUT METAL MESH TO PROPER SIZE AMD CLEAN 1.5
©. MIX ADHESIVE. DILUTE WITH TOLUENE .25
T. SPRAY ADHESIVE ON FILM AND DAUB .5
(AtLow 12HRS FOR ADHESIVE To ouTGAS)
8. PREPALE VACUUM BAG (V3€ MYLAR) .25
9. LAYYP FLAT PATTEERN I VACLYM BAG .5
10. THERMAL cure FLAT PATTERN (6o MiN. AT 250°F) -
1]. REMOVE FrAT PATTERN FROM VACUUM BAG 5
12. CUT U, COMFORT LINERS 25
G.25
13. STITCH FLAT PATTERN AND COMFORT LINERS
4. SEw COMFORT LINERS AND FLAT PATTERN a:50.00

TOGETHER

H TIME TO FAB. O~e ~EAD COOLER
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ESTIMATE OF MATERIAL CoSTS
HeAr cooLer (6 umiTs TorAL)
MATERIAL LEQUIRED

l. TF410 POLYVRETHANE Fim (1% mn.)
(6 = vo.)

2 3A9S5-2/0 FLATTENED METAL MESH
(36 54 FT)

3. MP-/880 MALYUPETHANE TUBING
(72 r1)

4 NorDBAK 50-93 ADHESIVE
(% cat. resm, iy 6ac. HARDENER)

5. COMmFORT LINER
( tycea wmateeiar) (e sa. vo)

6. JET-PAK SpPeAY KIT

7. PLASTIC 3ARBED TUBING WNMIPPLES

B-3
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PRODUCTION CoST ANALYSIS

HEAD COOLER PATTERN

]

ORIG'NAL PAGE IS
OF POOR QUALITY
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ESTIMATE OF PRODUCTION cQSTS/uNiT

HEAD / VEST COOLER

FABRICATION STEPS: HRS
/. CUT POLYURETHANE FILM FROM SJUPPLY RolLL 5
2. TAPE FILM OVER CARDBOARD PATTERNS () 1.0
3. CLeEAN FIM wWITH TOLUENE 5

(LET DRY FOR 4 HRS. MiNimum)
4 THERMOFORN] SERPENTINE TUBING

Q. TAPE TUBING To PLATE IN SHAPE DESIRED 1.0

b, AUTo CLAVE FOR 90 M, AT 250°F

C. REMOVE TUBING AND CLEAN WITH TOLUENE 1.0

d. CLeAN PLATE wWiTH TOLUENE 5
S. QUT METAL MESH To PROPER SIZE AND CLEAN 20
6, MiIX ADHESIVE. DILUTE WITH TOLUENE .25
7. SPRAY ADHESIVE on FILM AND DAUVS 1.0

(ALLow 12 HRS MIN. Foe ADHESIVE To OUTGAS)
8, PREPARE VvACUWM BAGS (USe MYLAR) S
O LAYUP FLAT PATTERNS IN VACUUM BAGS 1o
10. THERMAL CURE FLAT PATTERNS FoR &0 MIN. AT 250°F -
11, REMOVE FLAT PATTERN3 FROM YACUWM BAGS 5
(2. CUT OUT COMFORT (INERS .S
13. CONNECT TUBING MAMNIFOLD .25

105 *

14, STITCH FCAT PATTERN AND COMFORT LINERS
/5, SEW COMFORT LINERS AND FLAT PATTECN

T0GE 1 HER ‘Ioo.oo
16, ATTACH VELCRo FASTENERS (SEW)

* TInmIE TO FAB. ONE HEAD JVEST cooLeR
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ESTIMATE oOF MATeeL/AL C(OSTS
HEAD JvEST cooter (& wirs ToTAL)
MATEELIAL REQUIRED

[ TE410 PoLYuReTHANE Fim (1% m.)
(1S SQ.vo.)

2. 3A95 - 2/o FLATTENED METAL MESH
(120 3. FT)

3. MP-1880 POLYURETHANE TUBING
(432 rr)

4. NOPDBAK S0-93 ADHESIVE
(% caL. gesin, % GAaL. HARDENE e)

3. COMFORT LINER
( Lycea wmateriAL) (15 savo)

6. JET - PAK SPRAY KIT

7. PLASTIC BARBED TUBING NIPPLES

B-6
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PRoDUCTION COST ANALYSIS

VEST CooLER PATTERN

1) C

L‘——————————-— 24—“ ~-——-——-—’1
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ESTIMATE OF PRODUCTION COSTS/umMIT

FULL BODY / HEAD coolLekr

FAPRICATION STEPS: HRS
/. CoT POLYURETHANE FILM FROM SUPPLY PoLL 5
2. TAPE FILM OVER CARDBOARD PATTERNS (b) 1.5
3. CLEAN FIULM wiTH TOLUENE 1.0

(LeET DRY For 4 HRS. MiNImMIM)
4. THERMOFORM SERPENTINE TUBING

a. TAPE TVBING To PLATE IN SHAPE DESIRED 20
b. AVTOCLAVE FOoR Q0 MIN, AT 250 °F -
C, REMOVE TUBI/ING AND CLEAN NITH TOLUENE 20
d. cLean PLATE WITH TOLUENE 1.0
S, CUT METAL MESH TO PROPER SIZE AND CLEAN 40
6. MiIX ADHESIVE, DILUTE WiTH TOLVENE S
7. SPRAY ADHESIVE OF Fiem AND DAUB 2.0
[Atiow 12 Hes For ADHESVE To ouTEAs)
8. PREpPARE VACUUM BAG (USE MYLAR) 8
9. LAYUP FLAT PATTEERNS /N VACUUM BAGS 1.5
10, THERMAL CURE FLAT PATTERN (60 mn. AT 250'F) -
ll, REMovE FLAT PATTERN FRom VACWMm BAG .o
12. CUT OUT COMFORT LINERS 1.0
13, CONNECT TUBING MANIFoOLD 5
19.3 *

4. STITCH FLAT PATTERN AND COMFORT (LINERS

IS. SENW COMFORT LINERS AND FLAT FPATTERMN
TOGETHER #/50.00

6. ATTACH VELCRO FASTENERS (SEW)

* TIME To FAB., oNE FuLL BoDY/HEAD cCooter
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ESTINMATE OF MATERIAL COSTS

Fuct. Bopy / HEAD coocer (6 unims ToTAL)

MATERIAL ELEQUIPED cosT

/. TFalo PocyvreTHANE FiLm (14 mi) 4 715
(30 sa.vo)

2. 3 A9 5-2/0 FLATTENED METAL MESH 1083
(252 3 Fr)

3. MPIBR0 POLYURETHANE TUBING 28%
(/152 Fr.)

4 NoRDBAK 50-93 ADHESIVE 95
( % GAL ResN, % aAL. HARDENER)

S. COMFORT LINER 300
( LycBA mATERIAL) (30 sa.wo)

6. JET-PAK SPRAY KIT 4

7. PLASTIC BARBED TUBING NIPPLES 48

#1843
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PRODUCTION COST ANALYSIS

LOWER BoODY COOLER PATTERN

"
— 13

u

40

Sar Ao
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R Ear

: YAt
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APPENDIX C

THEEMAL COMPARISON TEST
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TEST ART\CLE
] PHASOR
: ' BYPASS LINE -
‘ 10 KW “TRANSPORT WATER LOOP
* | HEATER 4 h
) . . ..
- w0 _
§ & T W
M0 ) 1
COOLER - PUMpP 1»
— —— — — - | \ 2:4/,//7/
_____ I_'\ / v r 2z’

CHILLED u,_o

- ViGUuRE

1 FLOW SCHEMATIC




THERMOCOUPLES (3) o
CoOLMVEX SIDE

J.5*

ELETRICAL REMYTANCE . 4// R

PELTERIS) oM CONCAVE SNE e - __., ’

MATIL = %" X 14" x 1&' ALoMinum PuaTe
DIMENSIONAL TOLERANCE & * 0™

FIGURE 2 -PLATE CONSTRUCTION & INSTRUMENTATION

FOAM RUBBRER PAD OVER TEST
ARTICLE - RURBER BANDS OVER

THIN CARDBOARD APPLIES UNIFORM
PRESSURE

STYROFOAM ENCASTMENT

N TEST ARTICLE
4'-: . ’ \ /_.
| [/ -
i =

. — le—— 3" M,

AROUND PERIPHERY

N ELECTRICAL WEATER

pet———— APPROX, 20" ———'

SQVARE"-

FIGURE " 3 - TEST ARTICLE INSULATION REQUIREMENT

C-~3 wrfd baoae

‘‘‘‘‘ [P
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TEST AETICLE DESCEIPTION

FLEXITHEEM :

HEAT TELANSFER AREA = 75.75 in®
FLow PASSAGE SPACIANIG & O,/0 n.

SHUT TLE "PEPRESENTATIVE "

HEAT TPANSFER AREA = 109.69 /n%
TUBING SIZE — Ui" ID.x 48 "0D x 18"LoneG

TUBE SPACING = ‘715“

NVMmBER OF TUBES = 36 ,
MANIFOLD TUBE Sleze = 4 "- 049 waw

TUBE /FIN ¢

HEAT TEANSFEEL AREA = |05.70 int )
TUBING SIZE — 070”10 x 106" 0,D. X 18" tonG

TUBE SPACING = 0.89 In,

NOMBER OF TuBES = |/ ' ,
MANIFOLD TUBE Size = % "00. - .049 wALL

C~4
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